The complaint of repeated sore throats is common in school-age children in this country. Most sore throats are due to inflammation of the pharynx, tonsil or both, but in any particular case it is difficult to know whether tonsillitis or pharyngitis is the major cause of the symptoms. Tonsillectomy appears to have a greater effect in the treatment of some children than otherspresumably those in whom tonsillitis predominates.
It is unlikely that infection with different organisms can alone explain these different patterns of disease, but presumably both the site of infection and variations of host response to that infection are important. P hwmolytic streptococci probably cause more sore throats than any other organism (Ross et al. 1971) , and therapeutic and prophylactic antibiotics are used for treatment of this condition. A prophylactic regime of sulphadimidine has been shown to be significantly better than placebo in treating sore throat in children (Burke 1956 )saving an average of 1 J sore throats per year. This result is similar to that achieved by tonsillectomy (McKee 1963 , Mawson et al. 1967 , Roydhouse 1970 and critics of that operation may feel that prophylactic antibiotics should be more widely used.
A trial of prophylactic penicillin in the treatment of sore throat was therefore undertaken with two aims: to assess its performance as an alternative to tonsillectomy and, by studying the response of pharyngeal and tonsillar bacteria to that drug, to obtain information about the heterogeneous nature of pharyngotonsillitis. Immunity 'Present address: St Thomas' Hospital, London SEI function tests were also done on the patients to investigate the role of host variation in this disease.
Trial ofProphylactic Penicillin
The trial was designed as a double-blind crossover of penicillin G, 125 mg daily (as an elixir to be given half an hour before breakfast), against placebo. Thirty children were to be included in each group, and the cross-over was to take place after six months. Results were to be analysed in terms of number of severe sore throats (defined as sore throats lasting two days or more) suffered in each six-month period. Penicillin G was chosen instead of penicillin V because it is cheaper, more effective against ,B hamolytic streptococci in vitro (Garrod 1960 ) and, despite its erratic absorption from the stomach, gives blood and tissue levels which are bactericidal for , hemolytic streptococci following a single oral dose of 125 mg (Griffith & Black 1964) .
Children were selected for entry into the trial if they fulfilled the following criteria: (1) If they suffered from sore throats alone, and were on the waiting list for tonsillectomy. (2) If they had had at least four severe sore throats in the twelve months before operation which had made them ill enough to stay in bed, and which had been diagnosed as tonsillitis by their family doctors.
(3) If they lived near the hospital and had parents who were keen to participate in the trial. (4) If their family doctors agreed to the inclusion of the children in the trial. (5) If they were not allergic to penicillin.
Children were allocated to one or other treatment group according to a random number series. Monthly visits were made by the parents and children to obtain fresh medicine, exchange treatment-recording charts (the backs of which had spaces for information from the family doctors concerning any current sore throats suffered by the child) and for taking a throat swab.
During the first few months of the trial, the 'Ts and As' waiting list fell from fifteen months to nine months (for reasons unrelated to the trial) and it was therefore unethical to proceed with the cross-over. After six months, the children were offered tonsillectomy and 30 had their tonsils removed while still taking the trial drugthe tonsils of these children were sent for bacterial culture.
Fifty-six children entered the trial (aged 3-12) and 42 completed it satisfactorily. Twenty-two had penicillin, 20 placebo. The result is shown in Fig 1. There were no significant differences between the ages, weights, sexes, previous number of sore throats and family size of the children in the two groups. The average number of sore throats in the placebo group was 1.45 and in the penicillin group 1.05. There was no significant difference between the number of sore throats suffered by children in the two groups, but there was a trend in favour of the penicillin-treated group: 11 of 22 children on penicillin, as opposed to 5 of 20 on placebo, were symptom free during the trial (0.1 >P>0.05).
If one assumes that this trend is valid, and could be demonstrated to be significant by a larger trial, then this regime of prophylactic penicillin would save, on average, a little under one sore throat per year per child. This result is not as good as that obtained by tonsillectomy, and not as good as that demonstrated by Burke for prophylactic sulphadimidine. This is surprising, since penicillin has been shown to be superior to sulphadimidine in the treatment of acute sore throat (Bishop et al. 1952) , and up to 41 % of P hemolytic streptococci have been shown to have some degree of resistance to sulphonamides (Ross 1970 ).
Bacteriological Studies
The bacterial culture results are shown in Table 1 . Children with either ,B haemolytic streptococci or penicillin-resistant staphylococci in their throats at the beginning of the study (pre-trial swab) have been omitted. There is a significantly larger number of children in the penicillin group from whose throats penicillin-resistant staphylococci were grown during the trial (P<0.05). This confirms earlier reports of this phenomenon (Friedmans et al. 1968 ) and provides evidence for the absorption and clinical effect of the penicillin G administered in this trial. Fewer children have fi hemolytic streptococci on throat swabs in the penicillin group than in the control group but there were no differences in the tonsil cultures. This suggests that penicillin was not reaching the tonsil crypts in a concentration strong enough to exert any influence on the bacterial flora. The results imply that the clinical benefit derived from using prophylactic penicillin is due to its effect on mucosal surface streptococcal infection, and that the heterogeneity of the syndrome of sore throat is related to the site at which streptococcal infection becomes established.
Immunological Studies' Thirty-six of the children were investigated by: (a) preoperative saliva specimen for secretory IgA concentration; (b) preoperative blood sample for immunoglobulin concentrations, ASO titre and blood lymphocyte culture for challenge with phytohiemagglutinin (PHA), streptokinase-streptodornase (SKSD) and streptolysin-O (SO); (c) tonsil lymphocyte culture for stimulation with PHA, SKSD and SO; (d) delayed hypersensitivity skin tests to Candida albicans and SKSD.
The immunoglobulin concentrations were compared with those of normal children of similar age range (not studied in parallel). The concentrations of IgG, IgM and IgE lay within the normal range with one exception each for IgM and IgE. With 3 exceptions, the concentrations of IgA lay below the control mean, and 8 children had concentrations less than the control mean -2 s.d.
IgA levels of the group were significantly lower than those of the control group (t=4.37, P<0.02). There was no relationship between concentration of IgA and age within this group. It appeared that some of these children had a minor degree of "The immunological studies on these children will be reported in greater detail elsewhere (Donovan 1973 , Donovan & Soothill 1973 ) but they are presented briefly here for comparison with the therapeutic data immunodeficiency. This concept was strengthened by the discovery that 4 children had defective PHA response of blood lymphocytes, and a further 2 had defective PHA response of tonsil lymphocytes. Some children were found to have surprisingly low ASO titres for a population suffering from repeated sore throats, some of which presumably were streptococcal. It seems possible that a low ASO titre may be an index of minor immunodeficiency since there was a significant relationship between low IgA (<control mean -2 s.d.) and low ASO titre (<16 u/ml). There was also a significant relationship between blood PHA lymphocyte response and serum IgA concentration.
It is evident that some of the children showed a number of manifestations of relative immunodeficiency which were interrelated. The importance of this finding was enhanced by the finding of a relationship between imunological function and the organism that was grown from tonsil culture. The most frequently isolated organisms from the tonsil were /B hemolytic streptococci (/HS), Ha?mophilus influenze (HI) and penicillinresistant staphylococci (PRS). In no instance was ,BHS or HI cultured from the same tonsil, whereas PRS co-existed with both.
The serum IgA concentrations were significantly lower in those with HI in their tonsils than in those with ,BHS, and there was a significant relationship between PHA lymphocyte response (+ or -) and culture of ,BHS or HI. Since HI is an organism carried more often in the throats and noses of very young children, the finding of an association between its presence in the tonsil and relative immunodeficiency was not surprising. These minor degrees of immunodeficiency could have been manifestations of delayed immunological maturity in a population who would ultimately become normalthe PHA responses were certainly labile since a repeat study six months after operation on the 4 whose blood lymphocytes failed to react to PHA showed that the response was then normal. Why /HS should only be recoverable from the tonsils of children who appeared normal immunologically is unclear possibly the presence of HI exerts an inhibitory effect on the establishment of ,BHS in the tonsil.
Salivary IgA was detected in all cases, but only trace amounts were found in the child who had the lowest serum IgA concentration. One-third of the patients tested gave positive cutaneous responses to candida, and two-fifths to streptokinase. Very few of the lymphocyte cultures responded to stimulation with streptococcal antigens SKSD and SO, insufficient for comparison with other data.
If relative immunodeficiency is defined as a serum IgA concentration of smean-2 s.d. of the control population and/or defective blood or tonsil lymphocyte response to PHA, then 11 of the 36 children studied could have been so defined.
There was no relationship between the finding of relative immunodeficiency and the history of sore throat in the six months prior to tonsillectomy: 6 of 10 relatively immunodeficient children, and 20 of 32 other children, had one or more sore throats in this six months.
This finding is not influenced by the nature of the trial drug which seems to have a similar effect in both groups. This is surprising in view of the significant difference between the organisms carried in the tonsils of these two groups and supports the view that prophylactic penicillin is effective only on surface streptococcal infection, and not on the chronic deep infection.
Studies of tonsillar weight and tonsillar protrusion did not reveal any significant relationship between these measurements, nor between either of these measurements and previous clinical or immunological data. Histological studies failed to reveal any correlations between measurements of follicle size or follicle density and clinical and immunological data.
Results ofTonsillectomy
A follow-up questionnaire was sent to the parents of 40 children from the trial one year after tonsillectomy (including the 36 who were studied immunologically); 82 % of the parents replied, all but one satisfactorily. They were asked whether their child had been better, the same or worse since tonsillectomy, how many bad sore throats he/she had had, and how many minor sore throats. All parents said their child had been better. There was no relationship between the number of sore throats suffered before and after operation, but there was a significant relationship between continued suffering from bad sore throats after operation and relative immunodeficiency as defined above: 6 of 10 relatively immunodeficient children had had bad sore throats during the year compared with 4 of 19 others (P<0.05 single tail test).
The fact that this relationship was not evident before operation confirms the complex role of the tonsil in the syndrome of sore throat. The relatively immunodeficient children did not appear to benefit as much from tonsillectomy as did the other children and, therefore, their tonsils appeared to have caused fewer symptoms than those of the other children.
A serum IgA estimation will identify over 80 % of the relatively immunodeficient children and this investigation can be easily and cheaply performed. A future trial of tonsillectomy in relatively immunodeficient children may show minimal or no advantage for tonsillectomy, in which case 415 5 some 25% of children (if our sample is a true reflection of the immunological status of the majority of children suffering from repeated sore throats) may be spared operation.
At present, however, there is no evidence that tonsillectomy is harmful to relatively immunodeficient children, and the majority of such children suffered fewer sore throats in the year after tonsillectomy than twice the number they had had in the six months before operation.
There is good evidence of the general value of tonsillectomy in the treatment of repeated sore throats, and little convincing evidence that general application of prophylactic antibiotics can offer as great a relief from symptoms. However, future trials of prophylactic antibiotics may show that this is the treatment of choice for repeated sore throats in relatively immunodeficient children.
Since ,HS were isolated from the tonsils of 50 % of the children without demonstrated immunodeficiency in this study, it may be that the presence of this organism, which is known to be pathogenic, is responsible for many of the repeated sore throats that are regarded as an indication for surgery. If an antibiotic capable of penetrating the relatively avascular tissue of the tonsil crypts and of being given painlessly could be found to eliminate ,HS from tonsils, perhaps many of these children too could be spared tonsillectomy.
